Introduction
Intrauterine growth restriction (IUGR) is defined as a fetal growth rate below the normal growth potential according to the race and gender of a certain infant [1, 2] . Small for gestational age (SGA) represents birthweight less than two standard deviations below the mean or birth weight under the10 th percentile on population-specificnomograms for a specified gestational age [2] . Both entities are clearly defined, but sometimes these two terms are used interchangeably [3] . IUGR is diagnosed prenatally based on the ultrasound measurement of fetal biometry under the 10 th centile for the gestational age with associated umbilical artery and/or middle cerebral artery colour Doppler abnormalities [3, 4] .
Fetal distress, defined as progressive fetal hypoxia and/or acidemia secondary to inadequate fetal oxygenation, is a term used to indicate changes in the fetal heart pattern, reduced fetal movement and fetal growth restriction. Chronic hypoxia can lead to brain sparing in fetal life with prefferent flow towards vital organs: brain, heart and adrenal glands. The cardiac morphology and functional analysis of IUGR fetuses in utero demonstrated changes in the inventricular geometry [5] [6] [7] [8] . Fetuses with IUGR present systolic and/or diastolic dysfunction [9] with changes in the myocardial relaxation and atrial contraction patterns, increased the E/A ratio and the increased myocardial performance index [5] . These changes occur in the early fetal period in response to a certain trigger and can persist after birth causing heart failure and vascular remodeling [10] . Infants with IUGR have persistent postnatal cardiac morphological changes such as cardiac septal hypertrophy or left ventricle dilatation [11] [12] [13] . However, functional changes have not always been documented using conventional echocardiographic parameters [13, 14] .
The assessment of systemic flow in the first days postnatally is difficult due to the persistence of fetal shunts [15] . Left ventricular functions is assessed in the neonatal period by the M-mode measurement of the ejection fraction (EF) and shortening fraction (SF) in the long parasternal axis. The SF tends to change with changing cavity dimensions, while paradoxical motion oft he septal wall is observed in cases with persistent pulmonary hypertension [15] . The EF may be a better tool but it is closely influenced by the ventricular preload [15] . The myocardial performance index has been proposed as a parameter in the assessment of systolic and diastolic performance but it can be influenced by preload and afterload [16] . Normal values of MPI for healthy term newborns range from 0.25 to 0.38 but few studies assess its reproducibility [17] .
In order to find the echocardiographic markers of heart function impairement in IUGR newborns at delivery and for short term evolution, we assessed the cardiac morphology and function in IUGR and appropriate for gestational age (AGA) newborns, comparatively.
Material and methods
This is a longitudinal prospective cohort study conducted in a third level neonatology center between June 2014 and June 2015 on 40 neonates with IUGR and 21 newborns with birthweight AGA. The Ethical Committee of the Iuliu Hațieganu University of Medicine and Pharmacy Cluj-Napoca approved the study. Inclusion of patients in the study groups was made after the signed agreement from their mothers was obtained.
IUGR was defined as fetal development below the 10th centile associated with Doppler changes on the umbillical artery or/and middle cerebral artery. AGA was defined as babies born from uncomplicated pregnancies. Control patients were matched for gestational age with IUGR patients. Exclusion criteria for both study populations were represented by confirmed chromosomopathies and the presence of fetal cardiac malformations.
The initial newborn clinical examination was carried out in the first day of life and included recordings of anthropometric data such as weight (g), length (cm) and head circumference (cm) evaluated according to the preterm growth Fenton charts [18] .
Echocardiographic evaluation of the left heart was performed after delivery by a single investigator using a GE LOGIQe ultrasound machine with a GE 6S-RS pediatric, cardiac sector transducer of 2.5-8.0 MHz. The values were reported newborn nomograms and the Z-score was defined as the number of standard deviations from the population mean [19] . Evaluation was made in the parasternal long axis section, in M-mode (fig1) following the guidelines of the American Society of Echocardiography (ASE), the European Association of Echocardiography (EAE) and the Association for European Paediatric Cardiologists (AEPC) [20] .
Left ventricle measurements were calculated by the Haycock formula using Z-scores and adjusted according to the body surface area [21] . Measurements respected the recommendations of the Council on Pediatric and Congenital Heart Disease of the American Society of Echocardiography [21, 22] .
For the assessment of cardiac function, the following 3 parameters were used: a) diastolic functiondefined by the ratio to early filing (E wave) and atrial contraction The IUGR cohort received additional follow-up echocardiographies at one month and 6 months age respectively.
Statistical analysis
The data collected were analysed using the Statistica software version 8 (StatSoft Inc., USA). Continuous data were summarized as mean±standard deviation whenever data proved to be normally distributed (Shapiro-Wilk test). The association in the two by two contingency table was tested with Fisher's exact test. The differences between groups were tested with the Z-test for proportions on qualitative data. Comparisons between groups on continuous data were tested with the t-test after checking for the distribution of data. The paired t-test was used to compare the baseline and follow-up values of the IUGR group. The Pearson correlation coefficient was used to assess the correlation between anthropometric and echocardiographic data. A p-value below 0.05 was considered statistically significant.
Results
We analyzed 40 growth restricted infants compared to 21 appropriate for the gestational age controls. The gender distribution and anthropometric data are presented in Table I .
The size of the interventricular septum in systole (IVSs), the end diastolic size of the left ventricle (LVDD) and the size of the posterior wallof the left ventricle (LVPW) proved to be significantly smaller in the IUGR group compared to the AGA group (Table II) at delivery.
According to the Z-scores, the size of the interventricular septum in diastole (IVSd) and LVPW in systole had pathological values in two subjects in the IUGR group (5%), both cases with measurements over two standard deviations. Statistically significant differences between the systolic function evaluated by MPI were identified between groups with higher values in the IUGR group.
Systolic dysfunction (MPI>0.47) was identified in 40% of the neonates in the IUGR group (16/40), respectively 4.76% of subjects in the control group (1/21). There was a significant association between systolic dysfunction reflected by MPI and the occurence of IUGR (p = 0.004).
Follow-up cardiac evaluations of the IUGR group patients was performed at one month in 36 subjects and at six monthsin 33 subjects. Two subjects were deceased and two were lost until theone-month follow-up and three more until six months.
At re-evaluation, 8 (22.22%) patients in the IUGR group had smaller or equal size interventricular septum measured in systole compared to delivery measurements.
The size of the left ventricle increased from delivery to the one month and six months measurements respectively. All subjects had normal Z-score values at the six months follow-up (Table III) . The results are expressed as mean (standard deviation). IUGR = intrauterine growth restriction; IVSs = Interventricular septum diameter in systole; IVSd = Interventricular septum diameter in diastole; LVDD = left ventricular end-diastolic dimension; LVSD = left ventricular endsystolic dimension; LVPW = left ventricular posterior wall diameter in systole; n = number of subjects Fourteen subjects with IUGR (38.89%) had MPI values higher than or equal to those measured at one month postnatally. MPI values recorded at six months were lower than those recorded at birth (Table IV, fig 3) .
Results regarding the correlation between gestational age at delivery, birth weight, length and morpho-functional assessment of the left heart at 1 month and six months are depicted in Table V .
Discussions
This study evaluated the morphological and functional changes of the left heart in IUGR newborns over a 6 months follow-up period. Our research provides direct clinical evidence that growth restricted neonates show changes in cardiac morphology and subclinical cardiac dysfunction. These are probably part of a remodelling process in the attempt to maintain circulatory requirements. Overall, this could be a mechanistic pathway for the association between fetal growth impairement and cardiovascular disease.
Our study aimed to identify those parameters which describe and announce cardiac change in order to identify patients that might be at risk for persistent cardiac abnormalities. IUGR neonates had smaller anthropometric measurements compared to AGA infants, as reported by previous researches [14, 25] . The condition was more frequent in female newborns in our study (p<0.05), consistent with literature findings [26] . IUGR is frequently an adaptive response of the fetus to vascular injury (increased placental impedance). The sequence of events triggered by hypoxia begins with peripheral vasoconstriction and brain sparing to maintain blood supply to vital organs, followed by myocardial malfunction in more advanced stages of fetal distress. Left heart measurements performed in IUGR patients and controls showed lesser left ventricle parameters compared to AGA babies.
Since vaginal delivery could be a challenge for an IUGR fetus, the route of delivery is operative for the majority of cases. Surgery may be elective -based of altered fetal ultrasound parameters (as a sign of chronic fetal distress) or emmergency in case of pathological cardiotocographic traces (acute fetal distress) [23, 24] . However, insufficient data recommend the C-section delivery for low birth weight newborns [25] .
Ecocardiographic ultrasound measurements performed at delivery in our study groups identified lower values for all the parameters characterizing the left ventricle morphology and function in newborns suffering from chronic hypoxic injury. This supports the findings of previous studies conducted on cohorts of growth restricted infants [27, 28] . Some authors found a direct correlation between the extent of morphologic change and the severity of IUGR [11] . Moreover, there is proof that fetal and newborn cardiac and vascular malfunction could explain the increased predisposition to cardiovascular disease in childhood and adult life [11] . The intrauterine state of chronic hypoxia and undernutrition triggers a cardiac remodeling response to compensate for local stress. Postnatally, the newborn must readjust to accomodate the new demands. To satisfy the newly increased systemic pressure and decreased pulmonary pressure requires a structural remodelling of the left ventricle. The growth restricted left ventricle will thus be smaller in size, global mass and mass index as compared to that of AGA neonates, but these adaptive changes will not impact its systolic function. When comparing IUGR and AGA Z-scores for ventricular morphometry, we found statistically significant lower values for left ventricular parameters -LVDD in 2.5% and LVSD in 20% of cases, which confirms up-to-date available measurements [11, 28] .
Certain authors have described a change in the cardiac geometry and shape of IUGR fetuses as a result of the combined pressure and possibly volume overload on the developing myocardial fibers. Instead of triggering progressive myocardial hypertrophy, in conditions of hypoxia and denutrition, the IUGR heart compensates by dilation of ventricular cavities with subsequent development of a spherical shape [11] . We did not record similar observations in our IUGR fetuses cohort, probably because evaluation was made during the transition from fetal to the postnatal circulation. However, the values of the Z-score exceeded the normal range by two standard deviations in 2 (5%) IUGR neonates from our cohort.
The analysis of cardiac morphometric measurements performed at birth compared to those recorded at the six months follow-upfound significantly different dimensions in growth restricted infants. Left ventricular parameters progressively increase and "catch up" the pace respecting the standard pattern of growth reported for newborns at the one-monthand six months follow-ups.
Z-score calculations support the conclusion that there seem to be adaptative modifications in the structure of the heart in the IUGR babies. These changes persist even after birth, as shown in parameters at the one month evaluation comprised in our study. The presence of such persistent modifications was also described by other authors [10, 21] .
There is controversy about the long term evolution of cardiac plastic changes in growth restricted fetuses. The "developmental origins of adult disease" hypothesis states that fetal cardiac programming leads to childhood or adulthood cardiovascular disease and noninsulin-dependent diabetes [26, 27] . However contradictory findings have come from authors who failed to identify morphologic and functional changes in IUGR children at the 5 year follow-up [29, 30] .
Among the Doppler parameters evaluated in our study, only the MPI was significantly higher in the IUGR group comparative to controls. The value of this index has been extensively studied in fetal populations and it has been demonstrated that for IUGR, the MPI is one of the earliest markers of cardiac malfunction, even during intrauterine life [9, 13] . In contrast to other Doppler indices (such as pulsatility index of ductus venous and the Evolution of the myocardial performance index over time among subjects with intrauterine grouth restriction aortic isthmus) the MPI remaines at increased values in fetal populations. [6, 10, 31] .
In the adult population heart failure, the MPI is correlated with systolic dysfunction with 82% specificity and 86% sensibility at a value of >0.47 [31] . Our study results showed a significant association between the systolic dysfunction as reflected by the MPI and the development of IUGR. This is further evidence in support of the possible use of the MPI as a marker of cardiac disease and cardiac function progress in IUGR newborns. Serial reevaluation of cardiac morpho-functional status at a 6 month period could be performed to be able to characterize the improvement in fetal hemodynamics.
There are few reports regarding the diastolic function in children with IUGR. Altin et al [32] performed a study on neonates and infants from pregnancies with chronic fetal distressrevealing that diastolic parameters evaluated prenatally tend to normalize with at the long-term follow-up. Bjarnegard et al [33] described similar findings in young adults.
This study encompasses the first data colection which analyses echocardiographic changes in IUGR versus AGA fetuses in a Romanian population. We lack newborn population specific nomograms for echocardiographic measurements. Studies evaluating cardiac function in newborns are small-scale, there are no meta-analyses and even cohorts consist of less than 100 neonates. This is why we find our research essential for defining a clinical stand point which then needs further validation and substatiation.
There were several limiting factors which led to having such small sample sizes. On the one hand, maternal adherence to the study requirements was very low, so that we could not analyze the available data for a proper comparison of cases and controls. This was especially true for AGA babies in which we did not have enough follow-up data for the control group. Secondly, echocardiographic evaluation was performed by a single examiner, given that the procedure is delicate and time-consuming.
Conclusions
IUGR neonates undergo adaptive cardiac changes during the first six month postnatally. Left ventricle size is sensibly smaller in IUGR newborns compared to AGA newborns. The MPI is a marker of early cardiac dysfunction in newborns. IUGR neonates have smaller MPI values as a hallmark of the ongoing cardiac remodelling process. Both LV dimensions and MPI values recorded in premature, chronically distressed newborns could guide clinicans in adopting the appropriate clinical or management decisions.
